1. Introduction {#s0005}
===============

Chronobiology organization constitutes itself as one of the parameters responsible for inter-individuality differences. Three human chronotypes are described: morning ("larks"), evening ("owls") and indifferent. They are characterized by individual preferences for activity realization during a determined period of the day, with better alertness during morning, evening or without any preference, respectively [@bib1].

Regardless of the individual chronotype, synchronization and regularity of the sleep--wake cycle, is a must. In medical students, this process is modified by various factors, such as curricular load during the entire day, extra-curricular activities, physical and emotional stress, pressure for high academic performance and influence of hospital demands [@bib2; @bib3]. Learning process and humor status are also conditioned by sleep--wake cycle and influenced by the quality and duration of sleep [@bib4]. When compared to normal population, medical students show an average of 6 h of sleep per day, a result that is inferior to the 8 h per day, commonly found in the normal population [@bib2; @bib5].

It is supposed that individual circadian preferences for sleep--wake cycles are, till a certain degree, under genetic and hereditary control [@bib6; @bib7; @bib8; @bib9; @bib10]. Possibly, such association derives from intrinsic properties of the circadian system [@bib11], and it is also believed that diurnal preference as well as the quality of sleep, demonstrate a strong genetic component. A series of studies were conducted to verify the relationship between genes and variables of the circadian rhythm [@bib12]. Environmental influence, on other hand, did show a low correlation with these phenotypes [@bib11].

The main question of this research is: Does chronotype demonstrate association with the quality of sleep and excessive diurnal sleepiness among medical students? The objective of this study was to verify the association of chronotype with quality of sleep and excessive diurnal sleepiness among medical students of the Federal University of Paraiba (UFPB), as well as to evaluate its association with the demographics of the studied population.

2. Methods {#s0010}
==========

2.1. Model of study and sampling {#s0015}
--------------------------------

This was an observational cross-sectional study, involving students of the 1st to the 6th year of the graduation course of Medicine at the Federal University of Paraiba (UFPB), *campus* I, João Pessoa, Paraíba, Brazil. Stratified sample was used, proportionately to the number of students in each year of medical school.

For the calculation of sample size, we used the SPSS SamplePower 3.0 software, through the model of difference between means of two groups. The primary variable, the Pittsburgh Sleep Quality Index (PSQI) score, was utilized as a reference for the calculation and the data were determined from the results of Selvi et al. (2012), who also studied the quality of sleep in relationship to chronotype in a sample of university students [@bib13]. In the referred study, the difference between the mean values for the global score obtained by the application of PQSI in morning and evening groups was of 1.5, being the highest standard deviation of 2.6. It was considered a level of significance of 0.05 for all calculations. To obtain a statistical power of 80%, it was established that the ideal sample size was of 49 students per group. As in the study by Selvi et al. (2012), the approximately proportion of morning, indifferent and evening subjects was of, respectively, 1:2:1; we estimated a similar distribution, with the need for 196 students to obtain a minimum of 49 students per group. We additionally considered 30% more individuals to compensate for possible exclusions and dropouts after the data collection (for example, by means of incomplete filling out of the research instruments) or by refusal to participate in the research, reaching then a total sample of 255 students to apply the research tools.

2.2. Instruments and procedures for data collection {#s0020}
---------------------------------------------------

The application of the research instruments was performed in the classroom, self-administered, after 4 weeks of the beginning of the ongoing semester. We handed out the study protocol to all students at the initial approach, containing the four instruments to collect the data and the Term of Informed Consent.

The following instruments were used: (1) Social-Demographic Questionnaire: gender, date of birth and course semester; (2) Standard Questionnaire for chronotype identification (MEQ); (3) Pittsburgh Sleep Quality Index (PSQI); (4) Epworth Sleepiness Scale (ESS).

The Standard Questionnaire for identifying the chronotypes (Morningness--Eveningness Questionnaire -- MEQ) [@bib14] is constituted by 19 auto-evaluating questions for identification of the chronotype and whose global score varies from 16 to 86. Individuals with values below 42 are classified as evening type; those above 58, as morning type and those between 42 and 58, as indifferent type. This questionnaire was translated and adapted for the Portuguese language by the Multidisciplinary Development and Biological Rhythms Group of the University of São Paulo [@bib15].

The Pittsburg Sleep Quality Index (PSQI) [@bib16] is composed of 10 questions to measure the sleep quality of the adult during the month that preceded the interview. This questionnaire is divided into seven areas: quality, latency, duration, sleep habitual efficiency, disturbances, use of medication to sleep and sleep disorders. For each area a score is attributed, varying from 0 (zero) to 3 (three). The final score is obtained from the sum of the scores from the seven areas, varying from 0 to 21, being the better the quality of sleep with the lower score obtained. Scores from 0 to 5 indicate good quality of sleep and from 6 to 21 indicate poor quality of sleep. The questionnaire was translated and adapted for the Portuguese language, whose version demonstrated a degree of confidence of 81% [@bib17].

The Epworth Sleepiness Scale (ESS) is used to evaluate the existence of excessive diurnal sleepiness. Scores above 10 are associated with diurnal sleepiness [@bib18]. Validated for the Portuguese language [@bib17], this scale consists of questions about the probability of sleeping in different situations, such as, for example, watching TV, reading or sitting down, and it attributes points to each one of the evaluated items. Results inferior to 10 points indicate the absence of sleepiness; between 10 and 16 points suggest mild sleepiness; between 16 and 20 points, severe sleepiness.

The research project was approved by the Lauro Wanderley University Hospital׳s Ethics Committee for Research.

2.3. Variables {#s0025}
--------------

The main variable of the research was the chronotype. Scores of Quality of Sleep (PSQI), scores of Diurnal Sleepiness (Epworth), gender, age, season of birth (Spring, Summer, Autumn, Winter) and semester in Medical School, were all secondary variables.

To evaluate the possible correlation between chronotype and season of birth, we used the dates for the South Hemisphere: Spring between September 22nd and December 20th; Summer, between December 21st and March 20th; Autumn, between March 21st and June 20th; Winter, between June 21st and September 21st.

2.4. Statistical analysis {#s0030}
-------------------------

We utilized the normality tests of Shapiro--Wilk and Kolmogorov--Smirnov with Lilliefors corrections to verify the normality of the distribution of the quantitative variables, whose results revealed the rejection of the null hypothesis for the PSQI and ESS scores. We considered, then, that the variables did not show normal distribution and, therefore, we applied non-parametric tests for the inferential analysis.

The quantitative variables were analyzed between the 3 groups of chronotypes by the Kruskall--Wallis test. The correlation between variables was determined by Spearman׳s Correlation test and the comparison of the qualitative variables between groups was evaluated by the ***chi***-square test.

The level of significance adopted for all tests was of 5%. For the data analysis we used the statistical software SPSS, version 20.0 (SPSS inc., Chicago, IL).

3. Results {#s0035}
==========

From the 255 applied questionnaires, 34 were excluded from incomplete filling out, and 221 remained for the final sample. From these, 55.7% were male students. The average age was of 22.3±3.8 years.

The mean score for PSQI was of 6.5±2.6 and we observed that 136 (61.5%) demonstrated poor quality of sleep. As for diurnal sleepiness, the mean value for the Epworth Sleepiness Scale was 9.12±3.2 points, showing that 128 students (57.9%) did not demonstrate diurnal sleepiness, 84 (38%) had mild sleepiness, and 9 (4.1%) had intense diurnal sleepiness.

The mean score value to classify the chronotype was of 50.9±11.1. Categorically, 46 students (20.8%) were classified as evening type, 114 (51.6%) as indifferent and 61 (27.6%) as morning types. Table 1 demonstrates that the comparison of the values of the PSQI between the chronotype groups was statistically significant (*p*\<0.0005), with the lowest values for the students with morning chronotype and the highest values for the evening chronotype individuals (Fig. [1](#f0005){ref-type="fig"}). The variables age and diurnal sleepiness were not significant when comparing the chronotype groups.

We have observed a significant negative correlation between the scores of the chronotype questionnaire (MEQ) and the quality of sleep (PSQI) (rho=−0.3; *p*\<0.0005) ([Fig. 2](#f0010){ref-type="fig"}). The negative correlation suggests that the eveningness -- low scores for MEQ -- were associated with poor quality of sleep -- high scores for PQSI. We have not observed a significant correlation between the scores for MEQ (chronotype) and the ones for ESS (diurnal sleepiness). We did not observe any difference between the evening, indifferent and morning groups in terms of gender and season at birth ([Table 2](#t0010){ref-type="table"}).

4. Discussion {#s0040}
=============

The results suggest that there is a significant relationship between the chronotype and the quality of sleep in the medical students evaluated, corroborating the research hypothesis. The evening-type individuals showed worse quality of sleep when compared with the morning and indifferent types in the sample of this study. These findings are compatible with the data from the literature. Recently, Selvi et al. (2012), in a study involving 264 university students between 17 and 26 years of age, also identified the relationship between the evening-type chronotype and the poor quality of sleep [@bib13]. Similar results were also evidentiated in other studies [@bib9; @bib11; @bib19; @bib20; @bib21].

During the last decades, researchers have dedicated themselves to investigate the genetic and molecular basis related to the human patterns of morningness and eveningness [@bib6; @bib22; @bib23; @bib24; @bib25]. The quality of sleep has also been the target of similar studies [@bib11; @bib26; @bib27; @bib28; @bib29]. After clinical evidences of the association between these 2 phenotypic variables (also observed in the present study), an important question arose: would the chronotype and quality of sleep have some genetic correlation between each other?

In this study, we have verified a high prevalence of poor quality of sleep among medical students, corroborating previous researches also conducted with PSQI in medical students, with prevalences of 46 to 58% \[[@bib5; @bib30]\]. Bàez et al. (2005) found an even higher prevalence (82%) among medical students from a Colombian University [@bib31]. In Peru, Mayor et al. (2008) found a very similar frequency, of 59.2% [@bib32].

There are several evidences that the medical students constitute a population with higher vulnerability to sleep--wake disturbances. In most part, this vulnerability to sleep disorders might be explained by the presence of a full time curricular load with high demand for study, disrespecting the morningness--eveningness equilibrium among these individuals [@bib2; @bib33].

Another important finding is related to the presence of excessive diurnal sleepiness (EDS) in this group of individuals which, although elevated, did not demonstrate significant association to the chronotype. The prevalence of EDS found in our study (42.1%) was higher than the average for the general Brazilian population, which varies from 0.3% to 13.3% [@bib34]. This finding corroborates with other studies, as Mayor et al. (2008) and Rosales et al. (2007), who found sleepiness averages of 39.2% and 34%, respectively [@bib5; @bib32]. Danda et al. (2005) found the presence of ESD in 39.3% of the medical students at the University in Pernambuco (Brazil), a prevalence very close to the one obtained in the present study [@bib35].

In France, Tailard et al. (1999) evaluated the association between the chronotype and excessive diurnal sleepiness by the Epworth Sleepiness Scale in a population of 617 individuals between the ages of 17 and 80 years of age [@bib36]. Differently from our study, Taillard el al. verified a significant association between morningness and lesser diurnal sleepiness. In a study comprising Brazilian medical students, Hidalgo et al. (2003) also investigated the association between chronotype and DES, using the same research instruments, observing similar results to the ones from our study, or in other words, the absence of correlation between chronotype and DES [@bib37]. The fact that our study, as well as Higalgo et al. (2003) have been conducted in a more homogenous population as far as age was concerned (young adults), in comparison to the one used by Tailard et al. (1999), might have influenced the different results. On other hand, Giannotti et al. (2002) and Vardar et al. (2008) also described higher complaint of diurnal sleepiness among individuals with eveningness chronotype [@bib21; @bib38].

In the present study, we did not verify a statistically significant relationship between gender and chronotype, although we did observe a higher proportion of morningness-type individuals of the female gender (32.7% vs. 23.6%), meanwhile a higher percentage of males were of the eveningness-type chronotype (26.6% vs. 17.3%). Lehnkering and Siegmund (2006) verified the influence of gender among the chronotype distribution. Males, in the previously mentioned study, were significantly more eveningness-type than the females [@bib39].

Adan and Natale (2002), in a study conducted in Barcelona involving 2135 individuals with age between 17 and 30 years, verified association between the male gender and eveningness [@bib40]. In the same year, in Brazil, Hidalgo et al. (2003) investigated 318 individuals of the same age, obtaining the same findings -- males more evening-types and females more morning-types [@bib37]. Other studies reinforced the fact that women are more morning-types than men [@bib11; @bib41; @bib42; @bib43; @bib44; @bib45; @bib46]. On other hand, the results obtained in our study are compatible with the findings of Selvi et al. (2012) who, in a similar sample, of 264 university students between the ages of 17 and 26 years of age, did not find a significant association between gender and chronotype [@bib13].

We also did not observe a significant relationship between chronotype and age, in accordance to the results of Selvi et al. (2012) [@bib13]. Other studies, however, point out to associations between age and chronotype [@bib38; @bib47; @bib48]. Carrier et al. (1997) verified that, with increasing age, people tend to morningness [@bib49]. In adolescence, there are indications that women, as well as men, tend to be more evening-type [@bib50].

There was no significant association between chronotype and the season of birth (Spring, Summer, Autumn, Winter) of the participants of the present study. These results corroborate with the study of Takao et al. (2009), in Japan, conducted with 1156 university students, demonstrating that the season of the year at birth did not influence the diurnal preferences among that population, suggesting possible ethnical interferences [@bib51]. Our results contradicts the study conducted in the south of Brazil, with 648 university students, on which it was verified an association between the season of birth and the circadian typology [@bib52]. In the referred study, the individuals born during spring/summer were associated with eveningness, and the ones born during autumn/winter, were associated with morningness. Researches conducted in Italy, Spain and Canada have also evidentiated associations between chronotype and the season of the year at birth in a sample constituted by adolescents [@bib53; @bib54]. Besides the genetic differences associated with these ethnics, other factors might be implicated on the genesis of dissociation between the chronotype and the season of the year at birth among the Asian population, as the presence of a minor photosensitivity [@bib55] and cultural differences related with the care of children [@bib50; @bib56].

It is known, however, that the four seasons of the year are much better defined in areas of medium latitudes (30--60° in relation to the line of the Equator), as exemplified by Europe, Japan and the United States. On other hand, on low latitudes, from 0° to 30°, such as the case of the location of this study (07°06′55″ S), the seasons of the year are not well defined. Such observation might make it difficult to associate chronotype with this variable [@bib57]. Brazil is almost in its totality situated in low latitudes, going from approximately 5°16′ N latitude, to 33°45′ S latitude. This way, the south region of the country demonstrates characteristics that are closer to the regions of medium latitude, with seasons of the year much better defined [@bib57].

5. Conclusions {#s0045}
==============

The chronotype demonstrated significant association with the quality of sleep, in such a way that evening-type individuals showed worse quality of sleep in comparison to the morning-type ones as well as indifferent ones. There was a high prevalence of poor quality of sleep and excessive diurnal sleepiness among the medical students, although the diurnal sleepiness did not correlate with the chronotypes, as well as age, gender and season of the year at birth.

It is important to point out as a limitation to this study the use of a restricted age range, which resulted in the restriction for the analysis of the association between age and chronotype.

We suggest other studies about the theme, amplifying the evidences toward the association between chronotypes and characteristics related to sleep and other demographic variables, to facilitate a meta-analysis study which comes to elucidate the still divergent issues present in the literature.

From the observation of the impact of circadian biology among the medical students, it might be a better way to plan their daily activities, in accordance to their chronotypes, benefiting not only their academic performance, but as well, their quality of life.
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###### 

Distribution of age, quality of sleep and diurnal sleepiness, according to chronotype among medical students of the Federal University of Paraiba, João Pessoa, Paraíba, Brazil.

  **Variables**   **Group**[b](#tbl1fnb){ref-type="table-fn"}   **N**   **Mean**   **SD**   ***p***
  --------------- --------------------------------------------- ------- ---------- -------- ------------------------------------------------
  Age             Evening                                       46      22.0       2.7      NS
  Indifferent     114                                           22.2    3.2                 
  Morning         61                                            22.8    5.2                 
                                                                                            
  PSQI            Evening                                       46      7.6        2.8      \<0.0005[\*](#tbl1fnStar){ref-type="table-fn"}
  Indifferent     114                                           6.63    2.5                 
  Morning         61                                            5.43    2.2                 
                                                                                            
  Epworth         Evening                                       46      9.1        3.7      NS
  Indifferent     114                                           9.1     2.8                 
  Morning         61                                            9.2     3.6                 

*p*\<0.05.

Groups determined by the Standard Questionnaire for the identification of chronotypes (MEQ); N: group size; SD: standard deviation; *p*: statistical significance for the Kruskall--Wallis test; NS: Non-significant; PSQI: Pittsburg Sleep Quality Index; Epworth: Epworth Sleepiness Scale.

###### 

Distribution of the variables gender and season of birth between chronotypes of medical students from the Federal University of Paraiba, João Pessoa, Paraíba, Brazil.

  **Variables**     **Groups**[\*](#tbl2fnStar){ref-type="table-fn"}   **Total (%)**   **χ²**[\*\*](#tbl2fnStarStar){ref-type="table-fn"}                            
  ----------------- -------------------------------------------------- --------------- ---------------------------------------------------- ----------- ------------ ----
  Gender            Male                                               29 (63)         65 (57)                                              29 (47.5)   123 (55.7)   NS
  Female            17 (37)                                            49 (43)         32 (52.5)                                            98 (44.3)                
  Total                                                                46 (100)        114 (100)                                            61 (100)    221 (100)    
  Season of birth   Spring                                             13 (28.3)       27 (23.7)                                            14 (23)     54 (24.4)    NS
  Summer            13 (28.3)                                          26 (22.8)       20 (32.8)                                            59 (26.7)                
  Autumn            8 (17.4)                                           35 (30.7)       11 (18)                                              54 (24.4)                
  Winter            12 (26.1)                                          26 (22.8)       16 (26.2)                                            54 (24.4)                
  Total                                                                46 (100)        114 (100)                                            61 (100)    221 (100)    

Groups determined by the Standard Questionnaire to identify the chronotypes (MEQ).

Statistical significance by the ***chi***-square test for the difference between the groups.
